Objective: To evaluate the responsiveness and minimal important changes (MICs) for the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) and its subscales in subjects with hip fractures. Design: At the beginning and end of a 2-month rehabilitation program, 106 patients completed the WOMAC. After the program, the global perceived effect (GPE) was analyzed to produce a dichotomous outcome (improved vs. stable). Responsiveness for the WOMAC and its subscales were calculated by distribution (effect size; standardized response mean) and anchor-based methods (receiver operating characteristic curves; correlations between change scores of the WOMAC and its subscales and GPE). Receiver operating characteristic curves were also used in order to compute the best cutoff levels between improved and stable subjects (MICs). Results: The effect size ranged from 0.64 to 11.10 and the standardized response mean from 0.79 to 2.65. The receiver operating characteristic analyses revealed an MIC value (area under the curve, sensitivity, specificity) for the WOMAC of 29 (0.817, 92, 78); values of 35 (0.820, 77, 76) 44 (0.625, 25, 95), and 24 (0.707, 100, 76) were found for pain, stiffness, and physical function subscales, respectively. Correlations between change scores of the WOMAC and its subscales and GPE were low (0.240, for stiffness subscale) to moderate (0.438-0.570 for the other subscales and the WOMAC). Conclusions: The WOMAC and its subscales (all but stiffness) were sensitive in detecting clinical changes in subjects with hip fracture undergoing rehabilitation. We recommend taking the MICs provided into account when assessing patients' improvement or planning studies in this clinical context.
P atient-reported outcomes make an important contribution toward patient management and research in measuring clinical change. Two properties are of importance: responsiveness and minimal important change (MIC). The first is the ability of an instrument to detect changes in the construct to be measured over time, whereas the second is the smallest change in score of the construct to be measured that patients perceive to be important. This is important for clinicians to assess the effectiveness of their interventions and to guide their decision making. Researchers also need such instruments when studying the effectiveness of various treatments in clinical trials, for power calculations, sample size estimates, and cost evaluations, as well as for studies of prognosis over the natural history of the condition. 1, 2 The Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) is a self-reported measure for the assessment of disability in a wide variety of orthopedics and rheumatic situations. 3 As for hip disorders, WOMAC responsiveness was calculated in several studies including subjects with hip osteoarthritis, hip joint replacements, revisions of hip arthroplasty, periacetabular osteotomy for acetabular dysplasia, and hip fractures. [4] [5] [6] [7] [8] [9] [10] [11] Estimates on minimal clinically important improvement and difference were provided for subjects with hip osteoarthritis and hip joint replacements. 4, 7 However, responsiveness and MICs have not yet been determined in subjects undergoing rehabilitation following hip fracture, and as these estimates are population-, treatment-, and context-specific, this aspect might limit its use for clinical and research purposes.
The aim of this study was therefore to determine the responsiveness and MICs of the WOMAC and its subscales in subjects undergoing rehabilitation following hip fracture using both distribution-based and anchor-based methods mainly suggested in the current literature and based on COSMIN (COnsensus-based Standards for the selection of health status Measurement INstruments) 2, 12, 13 ; influences of different baseline scores on MICs were also assessed.
METHODS
This research was part of an observational study approved by the institutional review board of a rehabilitation hospital and was conducted in accordance with the Helsinki Declaration of 1975, as revised in 1983. Patients gave their written consent to participate.
Subjects
Participants were surgically treated at 2 orthopedic units, discharged approximately 7 to 10 days after surgery, and then admitted as outpatients to 2 rehabilitation units. The enrolment lasted between July 2013 and January 2015. The inclusion criteria were patients selected for internal fixation because of extracapsular hip fractures such as trochanteric, subtrochanteric, pertrochanteric, intertrochanteric, basal, and lateral femoral fractures; a good understanding of Italian; and an adult age (18-90 years old). The exclusion criteria were previous hip and lower-limb surgery (also remote as well as minor foot/ ankle surgery with no subsequent functional sequelae), femoral head replacement, systemic illness (chronic/preexisting conditions, such as tumor and rheumatologic diseases, as well as perioperative conditions, such as sepsis and pneumonia), mental health/psychiatric deficits (Mini-Mental State Examination scale at admission to the orthopedic unit of <24), recent myocardial infarctions (<6 months), or cerebrovascular events (also minor strokes without neurological/functional sequelae).
The patients' sociodemographic and clinical characteristics were investigated using a specific form.
Procedures and Outcome Measures
All of the participants were provided with written information concerning the questionnaires and procedures by 2 research assistants. Those satisfying the entry criteria underwent a 2-month rehabilitation program, which started no later than 48 hours after surgery at the orthopedic unit as inpatients, and continued at the rehabilitation unit as outpatients. The program included open kinetic chain exercises (e.g., hip flexion and extension, hip abduction, hip external rotations, isotonic and isometric quadriceps strengthening, hamstrings curls) in supine position on a couch with the aim of improving the range of hip motion, increasing hip and lower-limb muscle strength, and maintaining the length and elasticity of thigh muscle tissue. Locomotion was also trained: at the beginning of the rehabilitation, the surgeon allowed for progressive weight bearing; subjects were instructed to use their crutches reciprocally, with increasing loads on the operated limb, and recommended to use walking aids for at least 2 months after surgery when full weight bearing was definitely allowed.
The physiotherapists arranged for 90-minute sessions of moderate intensity (2 sets of 10 repetitions of each exercise), 3 times a week for 8 weeks. The physiotherapists supervised all of the sessions first at the orthopedic unit and then at the rehabilitation unit. The physiotherapists were also asked to fill out a diary after each training session in order to determine the subjects' compliance rates.
Mild analgesics (e.g., acetaminophen) and nonsteroidal anti-inflammatory drugs (NSAIDs) were permitted during the study, and an excessive use of medicines for pain control (>3 pills of any type per day) was regularly checked by the nursing staff. The rehabilitation program was the same for all of the subjects included, which had already been tested for efficacy. 14 The WOMAC was administered to all of the patients on day 2 postoperatively at the orthopedic unit (prerehabilitation assessment) and on the end of the 2-month intervention at the rehabilitation unit (postrehabilitation assessment). The WOMAC is a multidimensional scale consisting of 3 subscales (pain, stiffness, and physical function). The data for each subscale were standardized into a range of 0 (best) to 100 (worst health status). We used the adapted Italian version. 15 At the end of treatment, we also evaluated the global perceived effect (GPE) using the question: "Overall, how much did the treatment you received help your hip problem?"; the GPE was determined using a 7-level Likert scale with 2 improvement levels (helped a lot = 1, helped = 2), 2 no-change levels (helped only a little = 3, did not help = 4), and 3 worsening levels (made things worse partially = 5, made things worse = 6, made things a lot worse = 7). 16 During both assessments, the questionnaire was administered by secretarial staff who checked them and returned any uncompleted part(s) to the patients for completion in order to minimize the rate of missing/multiple responses.
Statistical Analysis
Responsiveness was determined using distribution and anchor-based methods. 12, 17 The distribution methods included the effect size (ES), also using the Guyatt approach, and the standardized response mean (SRM). The ES is a standardized measure of change over time calculated on the whole sample by dividing the difference between the pretest and posttest scores by the pretest SD; in the case of the Guyatt approach, the change computed on the whole sample is divided by the pretest SD calculated only for stable subjects whose clinical status remained unchanged (GPE = 3;4). The ES therefore represents individual change in terms of the number of pretest SDs, with values of 0.20, 0.50, and 0.80, respectively, representing small, moderate, and large changes. The SRM (also referred to as the responsiveness-treatment coefficient or efficacy index) is the ratio between individual change and the SD of that change. It has been suggested that SRM values of 0.20, 0.50, and 0.80, respectively, represent small, moderate, and large changes.
As an anchor-based method, receiver operating characteristic (ROC) curves were selected, which are useful indicators of the relationship between a measure and an external indicator of change, such as the GPE. Patients were dichotomized based on GPE scores. Patients were considered improved when the GPE score was equal to 1 or 2, and stable when the GPE score was equal to 3 or 4. Responsiveness is described in terms of sensitivity (the probability that the measure correctly classifies patients who demonstrate change when an external criterion of clinical change is used) and specificity (the probability that the measure correctly classifies patients who do not demonstrate change when the external criterion is used). The sensitivity and specificity of each value of change in the measure are calculated and used to plot an ROC curve. The sensitivity values and false-positive rates (1 − specificity) are plotted on the y and the x axes of the curve, respectively, and the area under the curve (AUC) represents the probability a measure correctly classifies patients as improved or unchanged. This area theoretically ranges from 0.5 (no discriminating accuracy) to 1.0 (perfect accuracy), with an AUC of at least 0.70 being considered acceptable. 18 The optimal cutoff point was computed using the Youden index and taken as the MIC, which indicates the change score associated with the least misclassification. 19 The impact of the baseline scores on the ROC curves analysis was also investigated: if a significant impact was found, the patients were divided into 2 subgroups based on the baseline scores, and MIC values for the 2 subgroups were computed. The median value was used to divide the population in order to maximize the group size and thus optimizing the statistical power. 20 External responsiveness was also investigated by means of correlation analyses with external criteria (GPE). We tested the correlations between the pretreatment-posttreatment change scores in the WOMAC and its subscales and the GPE scores by estimating the Spearman rank order correlation coefficients (r < 0.30 = low; 0.30 < r < 0.60 = moderate; r > 0.60 = high. P < 0.05 was considered statistically significant. 21 
RESULTS
One hundred thirty-four patients were selected to participate, of whom 28 were excluded because of previous hip and lower-limb surgery (n = 7), systemic illness (n = 4), cognitive impairment (n = 10), recent myocardial infarctions (n = 2), and cerebrovascular events (n = 5). A final sample of 106 subjects with a mean age of 75 years (71% female) was therefore recruited in the 2 centers (25 in the first and 81 in the second). Prior to surgery, participants were characterized by a high level of disability (mean value of 93.3). Table 1 shows the patients' clinical and sociodemographic characteristics.
Information on prefracture/during study/postrehabilitation residence was as follows: prefracture: home: 89, institution: 17; during study: home: 86, institution: 20; postrehabilitation: home: 86, institution: 20.
The study procedures were well accepted; patients did not raise any specific questions during the instruction phase or during the administration of the questionnaires; no missing or multiple answers were found. None of the procedures led to any problems, and all of the patients successfully completed the rehabilitation program. No specific issues were raised by the patients or the physiotherapists. There was no excessive use of medicines in order to alleviate pain as no patients took more than 3 analgesic pills per day for the duration of the study. The treatment proposed was well accepted by all participants as confirmed by our very high compliance rates on diaries completed after each training session (100%). Table 2 reports the mean value and the SD of the WOMAC and its subscale for the study population before and after the rehabilitative program. Improvements were observed for all subscales, and the total WOMAC score changed from 87.3 (6.2) to 53.5 (14. 1). A ceiling effect was observed for the stiffness subscale, with 22 subjects (21%) achieving the highest score of 100. For the remaining subscales and the WOMAC, less than 15% of subjects achieved the highest possible score (5% for pain, 4% for function, 1% for WOMAC), and thus a ceiling effect was not considered present. 22 Based on the GPE score, 65 subjects (61%) were classified as improved, whereas 41 (39%) were classified as stable. None of the present subjects had worsened clinical condition. Baseline and posttreatment scores of the WOMAC and its subscale for improved and stable patients are also reported in Table 2 . Table 3 reports the results of the distribution-and anchorbased methods to determine responsiveness. The ES of the rehabilitation program, as measured by total WOMAC subscale, was 5.47, indicating a very large magnitude of the change scores, which was even higher when the Guyatt approach was used (5.95); the SRM was also high (2.65). As for the WOMAC subscales, large effects were found for pain and physical function (ES of 3.08 and 11.10, respectively), whereas a moderate effect was achieved for stiffness (ES of 0.64).
The ROC analyses revealed acceptable AUCs for the total score and the pain and physical function subscales (values of 0.817, 0.820, and 0.707, respectively), thus showing a plausible capacity to discriminate between improved and stable subjects. On the contrary, the stiffness subscale showed an AUC of 0.625, well below the threshold of 0.7 for being considered acceptable. The best cutoff point (i.e., MIC) was 29 (sensitivity: 77; 76), 44 (25; 95), and 24 (100; 76) were found for pain, stiffness, and physical function subscales. Figure 1 shows the ROC curves for the WOMAC and its subscales.
The impact of the baseline score on the ROC analysis was significant only for the total WOMAC score (P = 0.003). Thus, for this measure, a subgroup analysis was carried out. Median values of 88 for the total score were used to divide the subjects. The population was divided into 2 equal subgroups of 53 subjects each: of patients with a baseline score of less than 88, 38 improved, whereas 15 were stable; of patients with a baseline score of greater than 88, 27 improved, whereas 26 were stable. The MIC (AUC, sensitivity, specificity) was 21 (0.655, 100, 60) and 29 (0.890, 96, 89) for patients with baseline scores below and above 88, respectively.
Finally, the correlations between change scores of the pain, stiffness, and physical function subscales and GPE were 0.438 (P < 0.001), 0.240 (P = 0.013), and 0.517 (P < 0.001), respectively. The total WOMAC score change was moderately correlated with GPE (Spearman correlation coefficient of 0.570, P < 0.001).
DISCUSSION
This article describes the estimation of responsiveness and the MICs of the WOMAC and its subscales in a population of Italian subjects undergoing rehabilitation following hip fracture. Analyzing the responsiveness and MIC of an outcome measure is an ongoing process and is highly recommended in order to strengthen its properties and expand its applicability. 13, 18 Different approaches have been used to calculate responsiveness, but as yet, there is still no consensus as to which method is the best. 17 Therefore, in this study, we used both distribution-based (ES, Guyatt ES, and SRM) and anchor-based methods (ROC analysis).
Distribution-based methods showed a large responsiveness to the rehabilitation program for the total WOMAC score and the pain and the physical function subscales, whereas a more moderate responsiveness was achieved for the stiffness subscale. The high values of ES and SRM were mainly due to the low SD at baseline (Table 2) , indicating the recruitment of a homogenous population. In line with the findings of this study, the published ES and SRM estimates concerning WOMAC total score and its subscales for subjects with hip joint replacement, revisions of hip arthroplasty, and periacetabular osteotomy for acetabular dysplasia varied from 1.0 to 2.5 [5] [6] [7] [8] [9] [10] and from 1 to 2.1, [5] [6] [7] [8] 10 respectively. Lower effects were found in subjects with hip osteoarthritis (ES: 0.45; SRM: 0.49), probably attributable to a very slight improvement of perceived disability through pharmacological treatment as opposed to surgical treatment such as the studies above, as well as to a shorter follow-up (4 weeks).
4 Surprisingly, low effects were also found in a sample of subjects with hip fractures (small changes for pain and stiffness subscales, SRM: 0.21-0.30; moderate changes for the WOMAC total score and function subscale, SRM: 0.64-0.66), although in this study baseline scores were collected 10 weeks after surgery where rehabilitation had already progressed considerably in the majority of patients, thus increasing the baseline score and consequently reducing changes over time. 11 However, it has been recommended that distribution methods should be used cautiously as they tend to measure the magnitude of change scores rather than their validity. 18 When a general measure of change in patient-reported outcomes such as the GPE is available and can be dichotomized into representative groups of improved and stable subjects, an anchor-based method such as ROC analysis is preferred as the AUC measures the ability of an instrument to discriminate between improved and stable subjects. 13 The findings of this study showed an AUC that was greater than 0.70 for the WOMAC total score and pain and function subscales, whereas an AUC of 0.625 was found for the stiffness subscale. The presence of a ceiling effect for this subscale may also reflect its narrow discriminating capacity. The optimal cutoff point estimated on the basis of ROC analysis was approximately 29 for the WOMAC total score and ranged from 24 to 44 for its subscales. Data on minimal clinically important improvement concerning the physical function subscale of the WOMAC were provided in a previous study dealing with subjects with hip osteoarthritis (at 4 weeks after treatment with NSAIDs: 13.34) 4 ; data on minimal clinically important difference were provided also in another study involving subjects with hip joint replacement (at 6 months postoperatively: pain 29.2, stiffness 25.9, function 26.5; at 2 years postoperatively: pain 33.1, stiffness 33.2, function 25.9) 7 ; however, given the different statistics used (i.e., absolute change in score among subjects whose final evaluation of response to treatment was improved), comparisons cannot be conducted.
A significant impact of the baseline values was found on the total score. Thus, the ROC analysis was performed on the 2 subgroups of subjects, and an AUC of 0.89 was achieved for subjects with a baseline score greater than the median value, suggesting that the total score ensures a satisfactory discriminatory ability only for more impaired subjects. Recently, it was demonstrated that MICs for the WOMAC differed for subgroups of patients with higher and lower baseline scores. 23 This was confirmed by the results of this study, which showed higher MICs for patients with worst disability levels. Patients with moderate to severe disability at baseline need a larger improvement to perceive the treatment as helpful, and this may explain the higher estimate of the MIC achieved for this subgroup of patients. 23 The external responsiveness was also investigated by means of correlation analyses with GPE, which reflect the extent to which changes in a patient-reported outcome measure over a specific time relate to corresponding changes in an external standard, defined as an accepted indication of change in the condition of a patient. 12 We found that the pretreatmentposttreatment changes in the WOMAC and its pain and physical function subscales were moderately correlated to the change in perceived effect, suggesting they are responsive to GPE score, being able to predict changes in perceived treatment effect. Exception was represented by the stiffness subscale (Spearman correlation coefficient = 0.240), confirming the low discriminatory ability of this subscale, which is in any case composed of only 2 items. Similar findings were not found in previous studies, and therefore comparisons cannot be performed.
This study does have some limitations, though. First, the number of subject in the stable subgroup was slightly lower than 50, which is considered the adequate sample size for calculating responsiveness. 20 Second, the WOMAC and its subscales might not have been responsive to worsening outcomes because the patients who were a "little worse" or "worse" were excluded from the analyses. Third, responsiveness and MICs were calculated for subjects with hip fractures undergoing rehabilitation, but further investigations are needed to calculate the estimates after longer periods of follow-up. Fourth, the applicability of this study is limited to an Italian population, and similar studies are recommended in other countries. Lastly, the sample size may have been relatively small for the ROC subgroup analyses of the WOMAC. In the future, it would be interesting to evaluate the responsiveness and MIC values of other scales measuring the same construct in the same population, in order to allow a comparison in terms of psychometric performances and thus provide clinical indications.
In conclusion, the findings of this study show that the WOMAC and its subscales, apart from stiffness, are responsive measures in subjects following hip fracture undergoing rehabilitative therapy. It is recommended taking these MIC estimates into account when assessing improvement or planning clinical studies on a similar sample. When the WOMAC total score and the WOMAC stiffness subscale are used, MIC values should be selected carefully, bearing in mind the disability level of the population under investigation.
